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INTRODUCTION

A problem remains in characterising machines as sources of vibration in ship

and building structures in that the mobility of the supporting structures

have an important influence on the vibrational energy flow through the

points or areas of contact between the machine and structure [I]. Attempts

to compare the vibrational strength of two machines, say, may be constrained

by lack of knowledge of the possibly different structures on or in which

they are to be installed. It is also well known that choice of AV mountings

must be influenced by the likely resonances to be encountered in the

supporting floor.

There remains the need to describe the dynamic response of the supporting

structure at low frequencies to point, multi-point and area excitations.

In recent work by the authors, an approximate solution was presented for the

farcedbending vibrations of simple combinations of rectangular plates [2].

The solution is not general in that the edges of the plates are constrained

with respect to linear displacement and the generation of in-plane

vibration is not allowed. The non-coupled edges are assumed pinned but

with a variable complex rotational stiffness which allows consideration of

edge constraints ranging continuously from the simply supported to the

clamped condition, including the effect of damping. This range is likely

to include many real conditions in full scale structures. In addition. it

is reasonable to assume that bending vibration is the dominant mode of

energy transfer at low frequencies.

THEORETICAL BACKGROUND

In a structure'cbmposed of combinations of rectangular plates for which

the co—ordinate function vectors can be obtained, the flexural vibration

transmission in the global system can be calculated by expressing thee

displacement amplitude vectors as a linear combination of co-ordinate

function vectors. The point and transfer mobilities due to point or

multi-point excitation can be derived in explicit form, therefore the

response at any position in the global system can be calcuIAted from the

mobilities if the exciting forces are known.

Consider the simplest combination of rectangular plates, an L-combination.

The governing differential equations for general sinusoidal excitation can

be written-asz- £‘ a )(G.(x.,fl,§' = (mania I _ _ h V (1)

. A 0 fix alarms) on‘rgt)

where 51E Di 7L -w’e;-h1,

-& ...5 . Q (1.! .

;‘<:|‘3|fl) and (Titania) are respectively 'the

displacement amplitude function and pressure amplitude function vectors.

The boundary condition on the coupled and non—coupledvedges are similar to

Pmlflfi. Val '10Pan (1988) «7167 '
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those given in [Z] for the series of T-combinations of plates and are not

given here. The co-ordinate function vectors can be organised from the eigen—

functions of the L-combination of beams of unit width perpendicular to the

coupled edge and the single beams of unit width parallel to the coupled edge.

Let Kl; , KN , Kuhn) and X-ufixa) be the 3“! complex

eigen Have~numbers and eigen functions of the L-combination of beams. For

simplicity, assume: I ‘
s _ :4 u a

E‘s/0"" gag/P: and g|g/DI = glib/D:
‘ . .

where (In is the ratio of rotational to bending stiffness

The beams on each plate have the same eigen number K and eigenfunction Ym(y).
yl’ll

Therefore the (3, m) th co-oldinate function vector for the combination of

plate can be written as: (W.e...(xn3n‘>)= (Kuhn) Y...( .3 . . . .. . .(2)

KWat-«(11 t) (x)humuLBMEIFU‘H'uj 21 LY“ 3t)

satisfying all the boundary conditions on both coupled and non-coupled edges.

The approximate solution to the bending vibration can then be expressed as:

WI<XI¥3I§ _ L xm(1)Y-M( 3_ _ 9 - 3- . V . . . .
(Nahuatl) 9:; “m "’ XU(XAYMCGJ (3)

Substituting (3) into equation (1) yields:

a. o L N We.) Ym(5.)\=(qcx..3.) (5.0mm
(o i.) EA“ (1x11((..37mc3.)} may) + sr<x..3.)>"(“

:;E:::§;Z
Similar to the case of a series of T—combinations [2] equation (lo) can also

be converted into a simple matrix equation for Ann's.

Toib’l') ' 1 i ' ' ' 'TC'Hlfl'fiq 4“ 3""- ( E“ . . . . r

F

where is an error function vector.

T(L;H.I.|)- - ' ' "‘“Tuflxwl Am
where the generalised force: 1. ‘1 5“, ~ ‘ \ ‘ .

Z £35“ 7.130 min-35"“ '1‘
A, \‘I

Xull X”! are complex conjugate functionsof Xi('\ym’
1. a. he: ~' I __ . , \ .

T(P:m;€,n)—i§ 5° rerun.)LiX;frllYm(3.>cn :11
The detail calculations of T( 9p, 9 , m)'s are similar to those given in [2].

A 's can be solved from equation (5) and substituting Alm's into expression

(5" yields the solution to equation (1).

MEASUREMENT

TThe point and transfer accelerances were predicted and measured for an

'L—combination and a series T-combination of five plates. The structures were

:modelled in 2mm aluminium and the joined plates were clamped into a

'demountable frame of bolted rectangular section mild steel and the whole was

mounted, via resilient pads, on a support frame. In addition to a clamped

edge a simply supported conditionwas approximated by cutting a square

section notch along three edges of each plate. Variation in the depth and

width of the notch allows a range of rotational stiffnesses to be consideredr

Which are expressed simply in terms of plate bending stiffness when

incorporated into the computer program. In addition the notch reduces

variation in edge constraint likely to occur alonga clamping frame bolted

st discrete points. Values of plate bending stiffness, to be used in the
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computer model, were obtained from static and dynamic tests of beam samples.

In addition a non systematic parametric survey allowed an estimate of material

constraints to be made from visual inspection of a 'best fit' of predicted

to measured plate response. The optimum values agreed well with those

obtained by the other methods.

The vibration sensors were small accelerometer transducers and the forces

were generated by electrodynamic shakers attached t the plates through small

force transducers giving an area of contact of 64mm which was considered

small enough to constitute a point force at low frequencies [3]. Both

steady—state wide band noise and short duration pulses were used, and in

both cases, signal averaging was employed to enhance signal noise ratio.

Results were obtained by means of a dual channel analyser and the accelerance

ace/F was given as a transfer function with frequency resolution 5H: over a

range 0 — 2kHz.

In Figure l is shown the measured and predicted transfer accelerance across

the junction of a L-combination of simply supported aluminium plates subjected

to a point force. The agreement in terms of level is good over the frequency

range 0 - ZkHz. The agreement is less good in terms of phase difference

(Figure 2) but this was to be expected in a lightly damped system where there

is likely to be many discontinuities in measured values at or near + 180°.

In figure 3 is given the point accelerance of a point excited five plate

combination and, again, there is fair agreement between measurement and

prediction.
The agreement is less good for transfer accelerances across one or two

junctions. In figure 4 is shown the acceleration level difference across

one junction and in figure 5 the transfer accelerance across two junctions.

Agreement is generally good at low frequencies. The discrepancies are

likely to be the result of the high frequency modes which are more sensitive

to small variations in the model structure. In addition it is likely that

modes of vibration other than bending contribute increasingly with increased

frequency. It would appear that the simple systems so far considered are

well described by the approximate method of analysis and it should now be

possible to estimate the force or forces at any point in the system from

measurements of accelerationgs) at any other points.

THE MOBILITY MATRIX

A simple example is a series of T-combinations of rectangular thin plates.

Let FE. ...an be n normal exciting force amplitudes of same frequency at

exciting positions El ... E.,v“l ... Van be the velocity amplitudes at

receiving points R. ...R... , and "has and Mar; (1,] = 1,...n) be,

respectively, the transfer or point mobilities from EI ... E" to R‘ ...Rn

and from E. ... En to E ... E"; then:

Vgl Hem. v - - - - "Mind. Fe.
5: 5 """(6)

He.“ ~ 1mm. Fr.
Va

or I

= (2“) . . . . . . . . (7)

Va.
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where (2.9 is the impedance matrix from RI..;:. Rate El_._. En, the
inverse of the mobility matrix in equation (6).
The velocity amplitudes at E .... E,I are given by:-

 

VFI- "fill... . . . . p.195. FF. I . . . . Mgnl‘ YRI

1= 1 3= s. (at): (a)
\ir M‘s“ ' ' ' .Msntn Fr, Mt!" ' ' ’ Mint-a Va,

and the input power at El (i.= I,- -- » -,fl) is given by,

. ,oPL = isomIVElFEi] ...... (9)

n!
where NE; is the complex conjugate of Vgi

Io can thus be seen that the force amplitudes and input powers at the exciting

points El..... E,| can be calculated from equations (7) (B) (9) by

measuring the velocities or accelerations at the receiving points R|..... R,I .

In figures 6 and 7 are shown estimated and measured forces at two

excitation points on one plate of the L-combination. The estimations were

obtained from measurements of acceleration at two other points removed

from the excitation points; one point on each plate.

The signal to the driver producing force F was in phase with that to the

driver producing force F although the phase relationship between F and F

is complicated by the strong frequency dependence of the system mobilities

at the excitation points. '

The agreement between prediction and measurement is promising except in a

frequency band cnetred at 650Hz where prediction overestimates the forces.

In order to explain this discrepancy reference must he made to the mobility

or, more precisely the accelerance matrix where:

A“ A..1 fioar.)_ (an-An.) . ' ‘ v _ _ (10)

A1. A“ Fa, v A F: :6 Aug

A”,Fx,ai are transfer accelerance, force, and accelerationI respectively-

A51 is the variation in measured acceleration and F1 is the resultant variation

in calculated force._.
I

From (10) is obtained,

A" A") A“): (A") . . . .. . (11)
A“ A“ AF; Ada

it is seen that when the determinent of the matrix is small then small errors

in measured accelerations will produce large errors in calculated forces.

The determinant of the matrix for the case considered is shown in Figure 3

and it can be seen that low values around 650 Hz give the discrepancies

indicated in figures 6 and 7.

This problem can be overcome by taking more measurement points than the minimum

required and averaging the predicted forces where values are not included where

the determinant falls below a minimum vaiue.This work is still in progress;

the method appears to work but results are not presented here.

770 Prue-Loam:-ao.ean-2..(ussa)
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PRACTICAL APPLICATIONS

So far the description has been for the case of.forces operating at known
points of contact such as through antivibration mounts at the corners of an
engine base. The analytical method will alsoapply where the engine or

machine base forms an area of contact with the supporting structure. Here

the contact area can be divided into n area elements and the magnitude from

values of acceleration or velocity measuredat n or more positions remote
from the engine base. '

REFERENCES

l. T ten Wolde and G R Gadefelt 1937 Noise Control Engineering Journal
28 (1), 5-14. "Development of Standard Measurements Methods for
Structureborne sound emission.

2. Y. Shen and B.H.-Gibba, 1986. Journal of Sound and Vibration 105, 73-
90. “An approximate solution to the bending vibrations of a
combination of rectangular thin plates".

3. B.H. Gibbs and Y. Shen 1987. Journal of Sound and Vibration 112 (3)
b69-485. "The predicted and measured bending vibration of an

L-combination at rectangular thin pletes".

um alum-It! In Atu no n

In

(I) Theory

‘n (ii) Measurement

u
(i) 3

Lb ‘ I‘ ‘1'. , \ _\g/

A u : ’ j V \i f \
5 . i

I" "‘ . 1 ' “ V l ‘ .-

E m ' v :‘ , ‘
E (u)

g ° p—v— ~+— -4——-~¢-— —--o—~4—— .-—-a

all) u m IMO liflb .7.” I‘m u am:

"" ‘ mum“ (3‘)}

rigun ]. Tun-(u lttrlenue um- L-tomblnllion of pluu.

Proc.l.O.A. Vol 10 Pan 2 (1938) 771  



 

Proceedings of The Institute of Acoustics

THE RESPONSE OF A SIMPLE STRUCTURE T0 POINT AND MULTI-POINT EXCITATIONS

772

_
{H

AS
H
m
m
:

a
°
a
a
a
g

a
'3

i
i

.2”:

m
m
.
m
r
m
n
t
c
n

(a
n)

—-
1

u) Thkory

(L I) Helintemlnl

(l)

 

mvwcv (as)

“sun 2‘ has. dllfurenen um- L.cembinnllnn

   
moo

_ rlznumcv (Hz)

“gun J. Pain! unlounu on gnu: cf A T-szn-llnn nl llumlnlum pm".

Proc.‘LO.A. Vol-10 Pan 2 (1988)



  

Proceedlngs at The Instltute ol Acoustics

THE RESPONSE OF A SIWLE STRUCTURE TO POINT AND HULTl-POINT EXCITATIONS

  ProcJ.O.A. Vol 10 Pan 2 (1988) 773- -  



Proceedings 0' 111° Instltute 0f Acousllcs

THE RESPONSE OF A SIMPLE STRUCTURE TO POINT AND MULTI-POINT EXCITATIONS

(l) Cnculned

(n) uu-uud

an

     

  

  
o < - ———« . —‘

'5 M33 mac I830 PM

U - :1:1 ' (n)
3:

-?3

JG fl

A

n .w I

FRE'JECY Uh) f
-53

r15.”- 7. nun." mm at form 72
45

n v V

W

53

“.3 .3

A :3
Eu
5
2 13

3
3‘
"‘ II
0
~ rum-mu 01:)

29: ~30 an m m: [In "a: Inna 12:: :00:

"° “gun a. Ablb‘lule luul uf aeumnn-n; a! Izzolor-nu mun:

.2:

_ 774 Proc.l.0.A. Vol 10 Pan 2 (1988) 


